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Abstract: In an attempt to increase the real world practicality of mathematics and science within secondary schools, five Brisbane secondary schools, a leading Queensland University, private industry and government agencies joined together in collaborative and dynamic partnership to embark on the project – “Out of the Square and into Reality”. The project is focussed on changing the perception and pedagogy of mathematics and science and improving higher order thinking. It also aims to provide positive role models for students in secondary schools, and attract higher quality students to tertiary engineering, science and mathematics pathways. The project will challenge traditional student perceptions that mathematics and science are “old fashioned and alienating”, based solely on facts, and irrelevant to the real world. To achieve this, the project will make connections between the school subjects of Physics, Engineering Technology, Design Technology and Mathematics A, B and C, and the professional disciplines of industrial design, aeronautics and civil, mechanical and electrical engineering. Multi-disciplinary hands-on activity kits containing extension exercises, assignments and exam questions will be developed according to current senior syllabi and common curriculum elements. Practising professionals will have input to improve student interest, learning outcomes, innovation and ability to think outside the square. Students will make direct connections between the activities and what they learn in the classroom to construct new and improved knowledge. Constructivist teaching methods and enhanced student engagement will aim to deliver improved student learning outcomes in mathematics and science. Through having the opportunity to work with tertiary educators and industry professionals, benefits for teachers should include improved teaching approaches and techniques. Teachers will also acquire resources that will positively influence all students, including those outside the project. This paper reports on the project development and the initial stages of progress in creating the first two activity kits.
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Introduction

The project “Out of the Square and into Reality” is a dynamic and collaborative partnership between the Queensland University of Technology, five Brisbane schools (West Moreton Anglican College, St Peters Lutheran College, Kelvin Grove State College, Marsden State High School and Moreton Bay College), private industry and a state government agency. The project has been selected as a participant in the Australian School Innovation in Science, Technology and Mathematics (ASISTM) project, which is funded by the Commonwealth Government through the Department of Education, Science and Technology. 
The project’s creation and its collaborative nature together, are an attempt to arrest the significant problem facing secondary schools, universities and industry of attracting and retaining high quality and appropriately prepared individuals (Hylton & Otoupal, 2005; Orlich et al 2005; Zarske et al 2005). The problem begins in secondary school, with a declining number of students, particularly girls, studying Senior Mathematics and Science subjects, (Felder & Brent, 2005; Goodrum et al 2000; Orlich et al, 2005). The underlying issues for this predicament include: deteriorating school student interest in these subjects; negative student perceptions towards gender difference; perceptions of students who study mathematics and science as being “nerdy”; and competition from a new wave of Business subjects and historically “female-friendly” Humanity subjects (Hylton & Otoupal, 2005; Jolly et al 2005). This is further exacerbated by students lacking information about the diverse and important roles undertaken in the world by Engineers and Scientists. With their teachers, parents and peers as the only available information sources, secondary students have scant appreciation for these professions (Millican et al 2005). Consequently, this has a flow-on effect for tertiary institutions, which compete with other faculties for a dwindling pool of appropriately prepared students who can make the transition to tertiary study. Furthermore, the problem is compounded by a declining youth interest in the profession (Goodrum et al, 2000; Zarske et al, 2005). Finally, industry competes for the resulting shortage of capable and qualified engineers and scientists, thereby inheriting the problem (Hylton & Otopul, 2005). Coupled with the current global resource and industrial booms, which have increased the demand for these professionals, the significance of the problem becomes quite clear. 
These complex and interwoven problems facing secondary schools, universities and industry, form the basis of the project’s aims to:

1. Enhance student interest and engagement in learning in mathematics, science and engineering.
2. Increase the real-world practicality and enhance the pedagogy and perception of Senior Mathematics, Science and Engineering subjects in secondary schools.
3. Increase secondary student participation and success in studying Senior Mathematics, Science and Engineering subjects.
4. Develop the ability of students to be innovative and “think outside the square”.
5. Assist students to gain an appreciation of the important role that Engineers and Scientists play in today’s and tomorrow’s world.

6. Facilitate the opportunity for teachers to work collaboratively with and learn from real-world academics and professionals.

7. Foster quality teaching through improved approaches and techniques, whilst attracting and revitalising quality teachers.

8. Increase the number of quality and appropriately prepared secondary students making the successful transition to tertiary study.

Project’s Theoretical Basis 
Current pedagogical theory and practices have informed and inspired the project’s development. The theoretical basis for the project’s teaching and learning is constructivism. Constructivism asserts that students assimilate new information to build on their existing knowledge and understanding, thereby constructing knowledge. Accordingly, this knowledge is not passively received from the teacher (Al-Weher, 2004; Cobern, 1995; Lesh & Doerr, 2003). Furthermore, each individual’s process of learning is different, as each individual builds their own understanding, based on their own interpretation of the situation, along with their pre-existing knowledge and understanding (Watts, 1999). Consequently, this view of learning requires the roles of students and teacher to change. Students need to actively participate in and direct their learning process, so that they are able to construct new and improved knowledge through problem solving, discussions, and the design and implementation of projects (Al-Weher, 2004; Cobern, 1995). Conversely, teachers need to move away from their traditional position as “transmitters of information” and their conventional application of a “linear sequenced approach” to instruction. Instead, teachers should move to a facilitating role, arranging suitable conditions to enable students to be involved and to direct their learning process (Hand & Treagust, 1994). 
Constructivist theory has significantly influenced the design aspects of our project. This is evident in the combination of student-directed, inter-disciplinary, hands-on activity kits with learning from and communicating with real-world professionals. The kits will give students control of their learning process, and require them to assimilate existing and new knowledge, through both problem-solving and extension activities. Students will work together in small peer-directed, collaborative groups. The premise behind a move away from independent student work is the potential benefits identified in the literature, including the powerful effects of students giving and receiving help and explanations, to and from their peers (Webb et al 1995; Yackel et al 1991). The process encourages the important and influential learning processes of: clarifying and recognising information in new ways; recognising and filling gaps in understanding; developing new and improved perspectives; constructing more elaborate conceptualisations; strengthening the connections between new and previous information; and improving problem solving skills (Webb et al, 1995; Yackel et al, 1991).  On the other hand, the teachers and participating real-world professionals together assume the role of facilitators. Their roles are solely to create a non-threatening learning environment, in which students are in control of their learning and are able to take risks (Al-Weher, 2004).
Three significant and existing programs have inspired “Out of the Square and into Reality” as methods of best practice. These are the Australian Science and Mathematics School, The Engineering Link Program and the SQUEAK initiative. The Australian Science and Mathematics School of South Australia works in synergy with Flinders University to develop learning experiences that are reflective of emergent and innovative science and mathematics pedagogy (Davies & Heath, 2004; Fabijan & Pope, 2005). We will utilise their model as a method of best practice, in terms of: collaboration with a tertiary institution; emphasis of a student-centred approach; emphasis of real-world problems and ideas; utilisation of constructivist notions of teaching and learning; and the use of an inter-disciplinary framework inclusive of emergent and innovative science and mathematical concepts (Davies & Heath, 2004; Fabijan & Pope, 2005). Our project intends to build and expand upon these ideas through a dynamic collaboration with the Queensland University of Technology, as well as private industry and a government agency. The expansion of the models will include a significant cluster of leading public and private secondary schools, expanding into the disciplines of engineering, aeronautics and industrial design. 
The Engineering Link Project, which was founded by the Engineering Link Group in Queensland, has assisted secondary school students to make informed choices about Engineering as a career and is aimed at encouraging more of these students to study Mathematics and Science at secondary schools (Millican et al, 2005). We will utilise their model in terms of: their emphasis to teach science and mathematics from a problem solving perspective; development of student insight in the activities of engineers; and development of higher-order mental practices (Millican et al, 2005). Our project intends to build upon and expand these ideas by: using activity kits that connect engineering to other disciplines, such as science, mathematics, aeronautics and industrial design; and integrating interdisciplinary activity kits into the schools curriculum to be used as apart of everyday student learning. This will enable a greater student population to engage in these activities, thereby being able to gauge an appreciation of the work of engineers and other professionals. It will also enable students to learn from and communicate with not only engineers, but other practicing professionals, university lecturers and university students. 
Finally, the third program, the SQUEAK program (Secondary Schools and QUT Engineering Activity Kits), was developed by the Queensland University of Technology’s Faculty of Built Environment and Engineering in conjunction with secondary school Engineering Technology teachers. SQUEAK’s aim was to help students understand engineering principles and bridge the divide between secondary and tertiary study. This program has been highly successful in increasing engineering undergraduate numbers since it began in 2002 (Dawes & Rasmussen, 2006). Our project will also utilise the concepts in the development of the hands-on activity kits, along with the involvement of fourth-year university students to run these kits in the schools. Benefits of this involvement include: allowing secondary students and teachers to engage in meaningful dialogue with university students; enabling secondary students to gain insight into the life and study of an engineering student at university; providing income to university students; and improving their interpersonal and communications skills for the workforce. 
Project Components
The development and teaching team aspires to instil in students an understanding of engineering as a career, and to promote appreciation of engineering as a means to create things for society’s benefit. Combining the talents of engineering, science and educational professionals in cross-curriculum design will allow students to experience mathematics and science in ways that are meaningful to them in their daily lives. The activities are designed to introduce curriculum concepts in a fun and interesting manner, and demonstrate the student’s potential to understand and enjoy mathematics and science.
The initial phase of the project will be the development of the hands-on activity based kits mapped to educational curricula. These kits will be developed according to SQUEAK program concepts. They will comprise hands-on activities that simulate the work of a real-world professional, and will require students to make connections between the activities and what they have learnt in the classroom to actively construct new and improved knowledge. In addition, each kit will include extension exercises, assignment and examination questions, created in line with current senior syllabi and common curriculum elements, to extend student learning opportunities. The activity kits will emphasise authentic experiences, encourage creative problem solving skills, and prepare students for advanced education. Kit design and implementation will be developed along similar strategies as Rhoads et al (2005) who reports on a National Science Foundation initiative describing authentic learning experiences that engage students in personal construction of new knowledge; result in students conducting disciplined inquiry; and have value beyond the classroom. Therefore, students apply their knowledge to their everyday lives. Hylton and Otoupal (2005) support these strategies by using an approach called “Mathematics with Real World Correlation”, and established that when student paradigms are connected to science and mathematics concepts through authentic exposure, student learning becomes meaningful in a way that it otherwise would not. Their study showed a substantial increase in understanding engineering concepts (46%) as well as a significant improvement in the comprehension of mathematics concepts (21%).

A Steering Group comprising a school representative, relevant Teacher Associates (university, industry and government agency) and a Critical Friend (supplied by ASISTM) will create the kits, to ensure that they meet the identified needs and outcomes of students and teachers and fit into the curriculum. The Steering Group will also allow the workload to be shared among the cluster. The kits will be progressively created across the 18-month project life, with at least two developed initially. This will enable the Steering Group to reflect on the development process and use this to improve this process for the remaining kits. The development (and trial) of classroom activity kits and the involvement of real-world professionals will improve student interest, learning outcomes, innovation, and ability to think outside the square.
The project coordinators (the authors of this paper) act as a medium between schools and non-school organisations and administer the project. Initially, the schools will work closely with the coordinators and non-school organisations to develop and create activity kits that meet identified teacher and student needs. The schools will integrate the activity kits within the curriculum, and will evaluate and take stock of their impact, in consultation with the coordinators. The main role of the non-school partners is to enrich the kits during the trial phase through guest lectures, mentoring, university staff and student-led seminars, and laboratory and test site visits.

As a result, partnerships will be created between the schools, enabling teachers and students to work directly with each other. For example, students from the various schools will form affiliations based on shared interests, and can then contact practising professionals from one of the non-school organisations to foster their interests. Partnerships will also be created between the schools and non-school organisations, enhancing student prospects of a successful transition to university study and future career opportunities. This could include scholarships, work experience and placements where small groups of students undertake university subjects as part of the new Senior Certificate.

Stakeholder Benefits

The project is orientated towards achieving a number of sustainable benefits for each of its key stakeholders, including Queensland secondary students, teachers and schools, QUT, and the engineering professional body. A majority of these benefits have been noted in the related corpus of literature, including Brown (2005), Crouch and Haines (2004), Davies and Heath (2004), Fabijan and Pope (2005), Orlich et al  (2005), Zarske et al (2005). In most cases, however, the benefits are specifically focused at particular stakeholders and/or areas of need. In contrast, this project will work towards achieving several identified benefits in one package focusing on each of the key stakeholders. The particular benefit for each of the identified key stakeholders follows.
Secondary Student Benefits

The intended benefits for all students who use the project resources are derived from the enhanced learning outcomes in the specified subjects using a constructivist perspective teaching methodology. The benefits are also derived from the use of activity kits related to real-world disciplines to stimulate their learning. In addition, students will have an increased capacity for innovation, by learning in an environment that requires them to connect classroom learning with its real-world application. Finally, by taking on the role of Scientists and Engineers, and communicating with and learning from both tertiary educators and engineering professionals, students will appreciate engineering and science as potential careers. They will also understand the important role undertaken by Engineers and Scientists in the world today and into the future. Consequently, it is foreseen that increased student engagement and interest in studying Mathematics, Science and Engineering Technology in their senior years of schooling will stimulate their progress into future study and careers in these areas.

Secondary Teacher Benefits

Benefits to secondary teachers are fashioned from fostering a culture of innovation within the teaching fraternity. This will stem from the opportunity for secondary teachers to work with and learn from tertiary educators and practising professionals in developing, implementing and reviewing the project and its effects on student learning. Consequently, obstacles between teachers from different schools and education sectors will be removed, allowing them to work together in an environment focused on improving student learning and achievement across their schools. This will lead to a dynamic professional network between these schools, assisting teachers to gain improved teaching approaches and techniques, and new resources to positively influence their students, including students outside of the project. This network also aims to revitalise, retain and attract quality teachers to this dynamic environment within the cluster schools.

Secondary School Benefits

The benefits for secondary schools are derived from the benefits that it provides for its teachers and students. Students who perform at a higher cognitive level in mathematics and science will improve overall academic results for the school, thereby improving school marketability and attracting new students. Furthermore, for schools that can revitalise, retain and attract quality teachers, this brings with it the associated benefits of improved instructional practices and quality learning resources. This ultimately results in improved student learning outcomes and results. Finally, project involvement gives schools an opportunity to leverage the collaborative relationship between other schools, a leading tertiary institution and industry, in the interests of many other benefits. These benefits do not necessarily need to be confined to the areas of engineering, science and mathematics. They can apply to and be used in any school area to improve any existing programs.
Queensland University of Technology Benefits
The benefits to the university are two-fold. Firstly, senior engineering students have an opportunity to participate in a program that helps them develop generic capabilities while providing an important service to those a few years behind them in high school. Participating in the program generates a source of income for the university students, supported by the University’s marketing department. The university students are responsible for directing the hands-on components of the activity kits, utilising their relevant experience and knowledge, facilitated through school visits. Also in this time, the university students take on the roles of mentors and role models to the secondary school students. The benefits for the engineering students are: improved interpersonal and communication skills; an appreciation of the need to be involved in educational issues; and providing the opportunity for them to recognise their ability to meaningfully affect the lives of others. The second benefit is institutional and allows universities to attract high quality mathematics and science secondary students to continue their higher education within that organisation. The project will also further strengthen the dynamic partnership with strategically placed secondary schools from the various educational sectors.
Professional Engineering Body
The industry body, Engineers Australia, is very concerned about the engineering skills shortage and declining proportion of students studying appropriately enabling subjects in mathematics and science (Downing, 2006). A number of factors have been identified and these include limited perceptions about likely careers, the fear of mathematics, the apparent lack of appeal of subject content, modes of delivery, enthusiasm and base knowledge of teachers (Johnston, 2006). This project aims to address a number of these factors, thereby assisting in portraying an accurate and more realistic view of the engineering profession and encouraging more high quality students to see engineering as a rich potential career. Engineers Australia has committed to collaborating with ASISTM and support teachers in their professional development (Downing, 2006).
Project Progression

As outline earlier, the initial phase of “Out of the Square and into Reality” will be the development of the hands-on activity based kits. The first two kits are an Ergonomics Kit and a Rocket Kit. The Ergonomics kit will be used across Maths A and Technology Studies subjects. Here, students will integrate several learning exercises across survey design, data collection and interpretation (statistics), drawing scale diagrams, constructing a scale model and finally evaluation of an ergonomic cardboard chair. The rocket kit will focus on simulating flight data. This data will be recorded, automatically logged and trajectory data captured for further manipulation and used in Mathematics and Physics subjects. 
Once developed, the kits will be implemented within the cluster school’s curriculum. The Teacher Associates, who have an expertise in each kit’s discipline, will guide this process. Their role will be to enhance student learning experiences and to assist teachers. At different stages within the project’s development, various activity kits will be implemented, but at least two activity kits will be put into practice well before the end of 2006. This will continue through the life of the project. 

Performance Appraisal

Once implemented, the Steering Group (Teachers from 5 schools) and the Consultant (Mathematics Educator) will review the kits to determine their success in achieving the desired outcomes for both teachers and students, and as a component of the project’s quality assurance strategy. This process will involve student and teacher survey data collection, and Consultant and Steering Group observation of changes in student engagement, teacher practices and school culture. 

The assigned Critical Friend and project Consultant will be responsible for quality assurance procedures, employed to ensure the project is progressing towards and achieving the specific outcomes. The Steering Committee will use the Critical Friend as an external advisor during the project design phase (first six months). They will ensure the project is fulfilling its outcomes, adhering to the budget and meeting milestones. The Consultant will be used during the project implementation and review phase (final twelve months) to assess its success in fulfilling these outcomes. The Consultant will work closely with the Steering Committee to observe and measure the changes in teaching practices, student engagement and culture of the partner schools. We are currently evaluating survey instruments to determine the effectiveness of the project in promoting hands-on contextual teaching practices in participating mathematics and science classrooms. Roelofs and Terwel (1999) from Utrecht University in the Netherlands have designed authentic pedagogy questionnaires to elicit information from secondary students relating to their experiences with authentic teaching methods. A teacher survey will also need to be assessed.
The project will benefit schools outside the cluster, by developing a model of best practice and sustainable resources. The model we have employed, whereby expertise from schools, universities, government and industry is used in synergy to enhance mathematics and science pedagogy and learning, can be adopted and adapted by other schools. The project will develop substantial resources, in the form of activity kits and associated learning materials, which schools can use to enhance educational opportunities for both students and teachers. A dissemination strategy will be used to inform others of the project and its success. This will range from information seminars, student activity days and an interactive website, to presentations and publications at a professional level.

Conclusion
It is imperative that secondary students be not only well informed about the career options available to them within engineering, but that they also see the links between engineering and the secondary school subjects of Mathematics and Science. The promotion of engineering as a career in schools needs to make the connection between what students are learning in theory, and what happens in real life in the provision of engineered products, services and infrastructure. We need to demonstrate, in interesting and exciting ways, the value and importance of the work of engineers to people’s every day lives, and to the environment. We need to engage students, and their teachers and career counsellors, in activities that are part of or linked to the work of the engineering team. In addition, the programs should integrate with other elements of the school curriculum, provide appropriate resources for teaching staff and assist in their professional development, and foster links with partner organisations and industries. 
The project will deliver achievable outcomes for all stakeholders. For secondary students these include improved learning outcomes in the areas of mathematics and science, enhancing student engagement and interest in their senior years of schooling. Teacher outcomes include fostering a culture of innovation within the teaching fraternity, by facilitating the opportunity for secondary teachers to work with and learn from tertiary educators and industry professionals. The project will give teachers the opportunity to acquire improved teaching approaches and techniques and obtain teaching resources that will positively influence all of their students, including students outside of the project. Creating a partnership between secondary schools, tertiary educators and industry will make a difference in the knowledge of, relevance and interest in science and engineering among high school students and ultimately lead to increased numbers of science and engineering professionals. 
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